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KATA PENGA TTAR
Pembacabudimaru
Proceedings Semirnr Nasional Tahunan Teknik Mesin (SNTTIO XI dan Thermofluid lV 2012
me,njnmpai para pembaca pada penghujrmg tatun 2012 ini. Proceedings SNTTM 2012 dan
Thermofluid I\l 2012 men4pakan kumpulan nakalah penelitian p€s€rta SNTTM XI dan Thermofluid
M012. Makalah penelitian para peserta seminar meliputi lima bidang, di antaranya: konversi mergr,
manufaktur, material, mekanika terapan, dan pendidikan telsfk mesin. Selain perkembangian yang
begitu pesat, bidang-bid^ng tersebut menjadi aspek penting yang juga mempengaruhi kehidupan
manusia di era modern ini.
Proceedings kali ini mempublikasikan 360 makalah di antaranya 164 makalah pada bidang
konversi €Nr€rgr, 47 makalah pada bidang manufaktn, 82 makalah pada bidang material, 58 makalatr
pada bidaqg mekanika terapan dan 9 makalah pada bidang pendidikan teknik mesin. Walaupun
dikelompokkan dalam lima bidang, makalahmakalah tersebut lcadang tetap saling terkait dengan
fokus yang mirip misalnya eirergi, bahan dan lingkun$n. Hal ini memang sesuai dengan tujuan
SNTTM s€ndiri yang memberikan wawasan komprehensif pada pesertanya tentang fohs tertentu dari
sudut pandang berbAni bidang. Kiranya proceedings kali ini dapat memberikan gambaran dan
wacana, memperluas cakrawala dan mengurangi rasa haus ilnu pengetahuan pembaca.
SNTIM akan tetap berkomiften untuk merangkum dan menjaring krrya-karya ilmiah di
tahm-tahun boiluhya dalam bentuk ka$ian teknologi yang dilarasai oleh para penulisnya. Oleh
karena itu" Sl{ffM akan tetap mengundang para peneliti dan masyarakat umlrm untuk meneliti ddr
mengirim naskahnya. Kritik dan saran anda akan selalu kami nantikan.
Al&irnya diucapkan selamat me'mbaca.
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Nonlinear Finite ElementAnalysis of Pressurized LPG Tonoidal Tank with Radial Flush Nozle
Asnawi Lubisl, Ahmad Suudi, dan Nowi Tkrnti
JurusanTeknik Mesin, Fakultas Teknih Universitas Lampung
Jalan Professor Soemantri Brojonegoro No.l Bardar Lampung, 35145tEmail: asnawi-lubis@unila.ac.id
Abstrect
This paper reports a nonlinear finite ele,ment malysis of pressurized circular toroidal t-nk with radial flush
cylin&ical nozzle used fot gas fuel tank of personal car. The analysis deterrrines the position of radial cylindrical
nonle that gives the highest limit pressure. Toroidal tank having volume of 45 liters and radius ratio of 3 were
used in this analysis. Cllindrical nonle of 12.5 mm diameter and l0 mm height was attached in radial direction of
toroidal cross section. The position of nozzle was checked for five points: extrados, 450 from exhados, crou'n, 450
from crown, and inhados. The ma:rimum applied intemal pressure was 1.5 times pressurr to yield. Limits pressurc
were obtained via nonlinear finite el€ment analysis usrng the well-known Newton-Raphson algorithm with large
deformation. It was formd that the best desigt for nozzle position, indicated by the highest limit pressure, is
located at the extados. For any circumstances,nozzle can be located betwee,n extrados and crow& but should not
be located betwesn crown and intrados. This result conforms to the membrane theory that the highest stess in
toroidal shell under internal pressur€ occurc at intrados and nozzle shall not be located next to that location
Kcywords: pressurized toroidal tanh limit pressure, finite elemeNrt analysis
Introductlon dynamic charecteristics of ortlrotropic toroidal shells
of variable thickness and obtained solution based on
In order to reduce the subsidy of oil fuel, the the shell equations of Sanders-Budiansky.
govennent of Indonesia ty to initiate conversion Experimental limit g)dcmal pr€ssure tests had been
program fiom oil fuel (BBM) to gas fuel (BBG) for carried out on three tonoidal tanks by Btachrf (2003),
personal cars. For long term, this third option (first to two of the tan*s were fabnicated from mild stel by
limit the usage of oil fuel second to increase the price spinning two part oftoroidal and welded at its intrados
of oil fuel) is very appropriate. However, the and extrados, while another one was fabricated by
goverment of Indonesia needs to build infrastnrctwes welding circumferentially four gOdegree elbows.
and technolory before applying this optior; Sfiess and strain analysis of LPCI toroidal tat*s had
particulrly public access to gas fuel (SPBU) and been canied out by Velickovic QW7) using finite
convsrsion kit fr,om oil fuel to gas fuel. element mettrod. Kisioglu (2009) is one of few
One of the components of combustion syste'm that researcher who had canied out investiggtion on limit
needs to be redesigned is fuel Ank. Fuel tank for gas pressure oftoroidal tark of LPG storage for vehicle in
as a pressure vessel must be designed carefully aginst Turkey. Strength design of toroidal tank for LPG 3kg
burst type failure. Perfest desip need to be done to was reported by Lubis (201l) and Lubis, et al Q0l2).
avoid explosion. From economic point of vieq To the best of author's knowledge, it was not found in
toroidal shape is the most appropriate shape fot cr's modern literature a comprehensive study of strengttl
fuel tank. By classical mechanics, it can also easily be design of toroidal tanks for personal cars, particularly
proofthattoroidaltankcanwiftstandinternalpressrne for usmg in Indonesia This paper reports resul8 of
load much higher than an equivalent cylindrical, nonlinear finite element analysis of toroidal tank
spherical or conical shape. Here, toroidal tank is havingradialflushnozzletobeusedforpersonalcars
proposed for gas fuel tank of personal crs. in Indonesia.
The study of satic dan dpamic behaviorn of
toroidal shell had been carried out by many
resanchers. Free vibration analysisi of two toroidal Finite Element Modelling
shellhadbeeir caniedout by Tzou danWang (2003) to
contol the vibratiqr oftoroidal slrell sfruc'trre md to Toroidal tank model used in this study was modeled
erhance its accwacy and reliability. Jiang dan based on volume of tank of 45 liters. Voltme of a
Rdekop (2003) canied out analysis of static dan toroidal tank can be calculated using the follo*.ing
v =2n2r3p
oft
(v\X
'=la)
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equation:
V = rrz.ZnR (l)
where, r is toroidal closs-s€ction radius, md R is
radius of clrvdre of toroidal. Equation (1) can be
written inthe following form:
For a toroidal tank having volume of 45 liter = 45 x
106 mm3, the corresponding radius is:
( qstou\%
r  =l  ' -"=- |  =9l .3mm
\6n')
orR = 273.8mm.
Me,mbrane theory of shell shows thd the higbest
stress for a toroidal shell rmder int€mal pressure
located at intrados md the lowest located at entados.
This fact guides engineers not to located xnozz)e tt
intados, and if possible, located d odrados
In this study, geometry modeling was done
in toroidal coordinate. The tonrs was obtained by
rotating a circle of radius r abor.fr a circle of radius .R
as shovm in Figrne l. Handguard was not modeled
wi& an assumption that this accessories would not
affectthe limitpresure.
: i i
-.-j.---/
Fig. I Geomety modeling of a tuus
Material for the tank was the sarne as the
material for PERIAMINA LPG 3kg tank, i.e., steel
sheet produced by PT Krakafau Steel, having
specification JIS G3116 SG-295, and ftickness of 2.3
mm. Material forhandguad dan footing was carbon
steel with specification JIS G3101 SS42, thic*ness of
2.5 mm also produced by PT Kral<atau Steel.
Meanwhile, welding wire used fu circumfenential
joint of fte tank was imported from China with
specification EM 12 K [Winarto dan Wahyuadi,
20081.
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Material properties needed for finite element
modeling are Yormg's modulus 4 yield stre$s ay, and
Poisson's ratio v, the values for those properties are
207 GPs, 295 MPa, dan 0.3 respectively twinarto
dan Wahyuadi, 20081. In this analysiso it was assumed
that the toroidal tank was fabricated by welding forn
900 elbows circumferentialy. The welding joint was
assumed to be perfect fioint efEciency equals to
unity). Other assumption was uniform thickness of
the tank.
Element type used was S}IELL281 of the
ANSYS elemerrt library. The eleine'nt has eight nodes
with six degees of fr,eedom for every node:
displace,ment in the lr" y, dan z directioq and rotation
about the :L y, dan z anis. The ele'me'lrt can be used
for linier anatysls, large rotation, and nonJinier
malysis with large shain Typical finite el€,n€rl
model include radial flush nozzle is shown in Fig.2.
Q)
(3)
i
I
ti 
"1..
For fmite element model slrovm in Fig.2 subjected to
internal pre$$re loading; boundary condition that
needs to be pplied was zeno displacement for all
nodes at a stoss-section as shown in Fig.3. ht€rnal
pr€ssure load (MPa) to be rylied to find the limit
presrure can be estimated by calculating the pressure
to yield" a, (Lubis, et. al.,2012):
zEoy g-Aw==ffi (4)
Equation ($ is based on shess d inaados position
where higbest sfress occurs. For cross-sestion radius r
= 91.3 mm md material properties of the tanls JIS
G3l 16 SG-295 {ov : 295 MPa), pressure to yield for
radius ratiop = 3, can be calculated as follows:
o, =rr.o, - 
(2x2 
-3no''.y'.,295MPa) = 5.9s Mpa
' 
" 2.5r 2.5(9l.3mm)
Fig.2 Typical FE model of atoroidal tank
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Int€rnal pressure of 5.95 MPa is the pressure needed
for material to start plasic. Limit pressrne would be
somewhat higher than this value. For finite element
anatysis using ANSYS, the limit load can be obtained
via nonlinear solt*ion uslng tlrc Newton-Raphson
algorithm. The pressure load can be applied by steps
to reach the yiel4 followed by ramp load after yield
to reach limit presstrre. lvlaximum intemal pressure
applied was l0 MPa. Bormdry conditim and loading
is shorminFig.3.
Fig.3 Boundary condition and internal pressure load
Resulb and Discussion
The resulr are given in form of graph. There are
three graphs that can be plotted to describe the
behaviour of the toroidal tank wtth nozzle as reported
herre: stress versus int€rnal pressure (c -p), internal
pr€ssure v€rsus shain (p - e), and sbess versus strain
(o 
- e). All graphs re given in nmdiensional form.
Figure 4 shows the relationbetween internal
pressure and resulting stess. The stress plotted was
sfess intensity at the inner (bottom) surhce of the
shell, the surface of a shell undergoing the highest
stress for shell rmder intemal pressur€. The graph was
plotted in nondimensional form by dividing the
pressure loadby the pr€ssure to yield and dividingthe
resulting sbess by the yield sbess (295 MPa). Figne
4 shows that the relationship betrveen applied
pressure and resulting stess in a toroidal shell
without nonle is linear.. For toroidal with radial
nozzle, stress at the tank is much higher thd tsnk
without node. When limit pressure is achieve4 the
maximum sfress almost identical which shwos that
plasticity has spread ovor the eirtire thickness ofthe
shell.
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Figura4 relationship between applied intemal
pressure and resulting stress.
Figure 5 shows the relationstrip between applied
internal pr€ssure and resulting strain. It can be seen
th* the manimum shain befone frilure is much higher
for toroidal tank wi& nozzle compared to toroidal ank
without noz;le. Figure 5 also shows that the highest
limit pressure and resulting stain is obtained when the
noule locced at exfiados position.
-i - -"- -:-
! i
i---"
pressur€ and resulting stain.
Figure 6 shows the stress-strain curve for various
nozzle position of nozzle. It can be seen that the
sfiuctrne considered her,e exhibits large strain
behaviour. Overall, the highest strain was obtained
when the nonle located at tre qrfados. Figure 7(a)
and 7(b) shows tlpical stress and strain disribtrtiqt
respectively whe,n limit pressure achieved. It was
plotted for str€ss int€nsity at the inner surface ofthe
tank's wall.
o.o
j o, o2 o.{ d5 o-r 1.o l:
i . ._. . . . ,
Figurc.S relationship between applied internal
959
KE 
- 
190
u
IT
u
o.6
o.a
@
+tFiord
-€l?&ffir.iodp.&S€
+dPd.ffi
-F.!.d p*l${f
i{dpd.hdo3
Proceeding Seminar Nasional Tahunan Teknik Mesin Xl (SNTTM Xl) & Thermofluid lV
Untuersitae C'adjah tilada (UGM), Yogyakarta, 16-17 Oktober 2012
Lisb of symbols
Fig.6 shess-strain cwe for a toroidal tank under
internal pr€ssul€
(a) stress (b) strain
Fig.7 stress and strain distribution when limit intemal
prressur€ achieved
Conclusion
From this analysis, it was found that trc best design
for nozzle position in a circular toroidal tank,
indicated by the highest limit pressure, is located at
the extados. For any circumstances, nonle cm be
located beflve€n extrados and srown, but should not
be located between crown and intados. This result
conforms to the membrane theory that fie highest
stress in toroidal shell under intenral pressur€ occuns
at inftados and nozde shall not be located nextto that
location.
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Young's modulus (MPa)
Internal pres$r€ (MPa)
Cross-section radius of the tank (mm)
Radius of curvature (mm)
Wall thickness (mm)
Volume oftank (mm3)
Greek letters
e Normal sfrain (7o)
p Radiusratio=R/r
o Normal stress (MPa)
o Poisson's ratio
Subsripts
Y Yield stress
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